found in his comparative study of mycobacteria grown in vivo and in vitro that H37Rv tubercle bacilli collected from the mouse lungs exhibited a deficient protective immunogenicity and a less potential for both inducing and eliciting the delayed hypersensitivity in experimental animals. Ever since, however, no attempt has been made by other workers to confirm his observations.
For the past several years, the present authors have been concerned with the study of lipid composition of mycobacteria, M. bovis (Ravenel strain) grown in vivo (Kondo and Kanai, 1972) . One of the characteristics of such bacilli was an extremely low content of chloroform-soluble wax. In view of the well-known role of wax D in the immunogenicity of mycobacteria (Tanaka, 1971) , we attempted to confirm Segal's observations in our own experimental design.
The in vivo bacilli employed were obtained from the granulomatous lungs of mice infected intravenously with M. bovis (Ravenel strain) at their moribund conditions 3 to 4 weeks after infection. The separation procedure of the bacilli was described previously in detail (Kanai and Kondo, 1970; Kondo and Kanai, 1972) . The tissue components closely associated with the in vivo bacilli were further removed by trypsin digestion and treatment with acetone-water (90:10) and with 8 M urea. The final pellet of the in vivo bacilli thus obtained was hydrophobic, being similar to the bacilli grown in vitro but dissimilar to the hydrophilic in vivo bacilli separated by only differential centrifugation and subsequent treatment with 1 M NaCI. The bacilli were highly acid-fast and retained the normal morphology.
The corresponding in vitro bacilli were obtained from the 3-week pellicle growth of the same strain on Sauton synthetic liquid medium.
Both kinds of the bacilli were suspended in liquid paraffin in concentrations of 1 mg and 0.01 mg (semi-dried weight) per 0.5 ml and sterilized at 120 C for 20 min. The antigenicity of each of these four vaccines to sensitize guinea pigs to tuberculin was examined with five animals.
The animals were vaccinated intramuscularly in the left thigh with a vaccine and the development of delayed hypersensitivity was tested with l ag PPD at 4 weeks after vaccination. The results are summarized in Table I . In this experiment, we included an animal group vaccinated with the in vivo bacilli defatted by the method of Azuma and Yamamura (1962), which was described in our previous paper (Kondo and Kanai, 1972) . As shown in Table I , much lower antigenicity of the in vivo bacilli was evident by comparing the induced delayed hypersensitivity between the two groups vaccinated with 0.01 mg. The in vivo bacilli from which bound lipids have been removed were extremely poor in the antigenicity, and even the 1-mg inoculum could induce no appreciable hypersensitivity.
In this experiment, two supplementary observations were made. One was that the treatment of the in vitro bacilli by trypsin digestion and with acetone-water (90:10) and 8 M urea did not reduce their antigenicity significantly. This may support our The skin test was conducted at 4 weeks after vaccination.
idea that the purification procedure per se did not reduce the antigenicity of the in vivo bacilli. The other was that extraction of the in vivo bacilli with chloroform methanol (2:1) did not impair the antigenicity, but the reflux with HCl-containing chloroform-methanol (2:1) reduced the antigenicity greatly, presumably due to the exhaustive extraction of bound lipids. Table II shows comparative immunogenicities of the two kinds of vaccines in guinea pigs. Seven weeks after vaccination with a 0.01-mg inoculum, a challenge infection was made by iv injection with 0.05 mg of an attenuated strain of tubercle bacilli (H37Ra). The animals were sacrificed at 3 weeks after the challenge to isolate quantitatively the viable challenged bacilli from the spleen homogenate (Kauai and Kondo, 1971 ). This particular method was used to detect low grades of immunogenicities of killed vaccines expected in general. The results shown in Table II also give a good evidence of lower antigenicity and less protective immunogenicity of the in vivo bacilli.
Our next interest was directed to the problem whether or not cord factor (trehalose-6, 6'-dimycolate) or similar toxic lipids were present in the in vivo bacilli. Cord factor is usually obtained from chloroform-soluble wax C or D. In Anderson-Lederer fractionation method, however, there is another possibility that cord factor migrates into the fraction of wax A, since the first extraction is made with ether-alcohol (1:1) . We made a preliminary survey of this problem using a limited amount of lipids which became available from our previous study (Kondo and Kanai, 1972) . Five milligrams of chloroform-soluble wax extracted from 1 g (dry weight) of the in vivo bacilli was dissolved in ether. This solution was added with two volumes of methanol and left standing at 4 C. The resulting precipitate was collected by centrifugation and dried in aacuo. The yield was 1.5 mg. This lipid (lipid 1) was suspended in liquid paraffin in a concentration of 0.1 mg per 0.1 ml.
TABLE II
Comparison of protective immunities conferred on guinea pigs by oil-suspended heat-killed vaccines of M. bovis (Ravenel strain) grown in vivo and in vitro * This was made 4 weeks after vaccination . ** The challenge was made by iv injection with 0 .05 mg H37Ra tubercle bacilli at 7 weeks after vaccination.
Sacrifice of the animals was made at 3 weeks after challenge.
The fraction eluted with ether-methanol (95:5) from a Florisil-Celite (2:1) column loaded with wax A of the in vivo bacilli (Kondo and Kanai, 1972) was also suspended in liquid paraffin in the same concentration as above. This lipid (lipid 2) was separated at a recovery of 0.31 % of the starting bacillary mass (1 g dry weight).
As a control material for the above two samples, cord factor was isolated in the ether-methanol (90:10) fraction of wax C extracted from Ravenel strain grown on Sauton medium by the established method (Noll and Bloch, 1955) and suspended in the same way.
Each lipid suspension was injected intraperitoneally in an amount of 0.1 ml to 10 mice of the commercially available dd strain. General conditions and body weights of these mice were followed daily after injection. The results are summarized in Fig. 1 . As shown here, lipid 2 isolated from wax A exerted a cord factor-like effect on mouse body weight. From the second day of injection, their body weight began to decrease to 12 g on the average on the 5 th day. Thereafter, the body weight increased gradually and the animals regained healthy general conditions. The effect of lipid 1 was, however, very slight. Chemical identification of lipid 1 and 2 could not be performed because of the limited amount of the available sample. Lipid 2 melted at 46C, the melting point of cord factor, but lipid 1 did not. As clarified by the extensive study by Kato (1970) , cord factor is a lipid with highly active biochemical toxicity which damages the mitochondrial structure.
